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1  | INTRODUCTION
Pollination	 is	 a	 key	 ecosystem	 service	 in	 global	 crop	 agriculture,	
improving	crop	productivity	in	75%	of	the	world's	significant	crops	
(Klein	et	al.,	2007),	underpinning	an	estimated	$235–577	bn	in	an‐
nual	 production	 globally	 (IPBES,	 2016)	 and	 supporting	 the	 supply	







large,	homogenous	 landscapes,	with	 the	European	honeybee	 (Apis 
mellifera)	providing	approximately	half	of	the	recorded	crop	visits	in	
European	studies	(Kleijn	et	al.,	2015).
Many	 farming	 practices	 designed	 to	 enhance	 crop	 produc‐
tion	 have	 resulted	 in	 long‐term	 pressures	 on	 the	 wild	 and	 man‐
aged	 pollinators	 required	 to	maximize	 productivity	 (IPBES,	 2016).	
For	 example,	 agricultural	 intensification	 generally	 leads	 to	 loss	 of	
non‐crop	forage	habitat	 in	 the	wider	agricultural	 landscape,	nega‐






plified	 landscapes	 (Persson	&	Smith,	2013)	and	 increase	exposure	
to	pesticides,	potentially	impacting	on	bee	fitness	at	various	scales	
(Rundlof,	Andersson,	&	Bommarco,	2015;	Tsvetkov	et	al.,	2017	but	




Scientific	 understanding	 of	 the	 relationships	 between	 farm‐
ing	 practices,	 landscape	 composition	 and	 pollination	 services	 is	
increasing	 rapidly	 (IPBES,	 2016).	 Comparatively	 less	 is	 known	
about	 the	 perceptions	 and	 knowledge	 base	 of	 the	 main	 stake‐
holders	 (farmers	 and	 beekeepers)	 within	 this	 system	 and	 how	
they	 make	 management	 decisions.	 In	 particular,	 little	 is	 known	
about	 the	 extent	 to	 which	 farmers	 perceive	 pollination	 service	
deficits	(yield	reductions	due	to	inadequate	pollination)	and	how	
they	respond	to	these	deficits	(Hanes,	Collum,	Hoshide,	&	Asare,	
2013).	 Similarly,	 although	 there	 is	 some	 evidence	 that	 trade‐
offs	 between	 benefits	 (honey	 yields,	 pollination	 fees	 etc.)	 and	






identify	 preferences,	 actions	 and	 knowledge	 gaps	 regarding	 the	
interrelations	 between	 honeybees	 and	 crop	 pollination,	 identify	
potential	 collaborations	 between	 the	 two	 stakeholder	 groups	 and	
assist	 in	the	formulation	of	effective	actions.	Here,	we	present	re‐
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The	survey	was	 translated	 into	 the	appropriate	 language	and	
distributed	in	21	European	or	European	Near	Neighbour	countries	




to	 promote	 the	 farmer	 survey	 to	 both	 horticultural	 and	 arable	
farmers	 as	 honeybees	 are	 typically	more	widely	 used	 in	 perma‐
nent	crop	systems	but	the	study	aimed	to	capture	a	wider	plurality	
of	views.




dataset	from	10	countries	 (Table	2)	 largely	due	to	 low	responses	
from	 farmers.	 Responses	 to	 the	 open	 questions	 were	 reviewed	
and	 grouped	 together	 based	on	 the	 keywords	 (see	Appendix	 S7	
for	full	results).
In	 some	 cases,	 crop	 types	were	merged	 into	 a	 single	 category	
for	analytical	purposes.	For	example,	cherry,	sweet	cherry	and	sour	
cherry	 were	 merged	 into	 the	 category	 ‘cherry’	 as	 many	 respon‐






Data	 on	 total	 planted	 crop	 area	 (in	 hectares	 per	 country)	 across	
Europe	were	collected	from	the	FAO	statistical	database	(FAOSTAT,	
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as	 hobbyists	 and	 29%	 as	 professionals	 (Appendix	 S2).	 Respondents	
managed	on	average	71.5	(SD	±152)	hives	each	and	have	kept	bees	for	
an	average	of	14.3	(SD	±14.2)	years.	Professional	beekeepers	(n	=	488)	







2013).	 Between	 country	 differences	 in	 beekeeping	 experience	were	









Among	 the	 farmers,	 17%	practiced	 organic	 farming,	 11%	 took	







creased	 self‐selection	bias	 towards	 the	 farmers	who	 actively	 con‐
sider	pollination.
3.1 | Use and avoidance of crops by beekeepers
Beekeepers	 identified	101	 crops	 (including	 crop	 groups)	 that	 they	
used	 and	80	 that	 they	 avoided.	 There	was	 significant	 overlap	 be‐
tween	the	two	groups	with	five	of	the	11	most	commonly	used	crops	
being	also	among	 the	10	most	avoided	crops	 (Figure	1).	However,	





not	 avoided	by	 any	beekeeper.	At	 country‐specific	 level,	 crop	use	
was	significantly	correlated	with	planted	crop	area	(ha/country),	 in	








cessibility	 (49%	of	 responses),	 crop	 availability	 (46%	of	 responses)	
and	importance	for	colony	growth	and	survival	(43%	of	responses)	
were	the	main	factors	driving	crop	use.	Payment	for	pollination	ser‐
vices	was	only	 a	 factor	 influencing	 crop	use	 in	18%	of	 responses,	
primarily	 in	 the	Netherlands,	 Serbia	 and	 the	UK,	 for	 oilseed	 rape,	
sunflower	and	apple	respectively.






deficits and pollination management
Farmers	 named	 106	 crops	 which	 they	 grew	 and	 believed	 require	
insect	 pollination	 (Appendix	 S2).	 Of	 these,	 only	 three	 crops	were	
grown	by	≤10%	of	respondents:	apple	(18%	of	respondents),	oilseed	
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Approximately	49%	of	farmers	indicated	that	they	experienced	
yield	 deficits	 due	 to	 inadequate	 pollination	 (pollination	 deficits)	 in	
at	least	one	crop	they	grew	(Appendix	S3).	Of	these,	c.	56%	(n	=	68)	
hired	 one	 or	 more	 managed	 pollinators.	 Farmers’	 perceptions	 of	
yield	 dependence	 upon	 insect	 pollination	 often	 differed	 substan‐
tially	 from	 literature	 estimates	 (Klein	 et	 al.,	 2007),	 including	 four	
crops	where	yield	 loss	 estimates	were	>20%	 lower	 (melon,	water‐
melon,	chestnut	and	pear)	and	one	crop	where	estimates	were	>20%	
higher	(tomato)	than	literature	medians	(Figure	2).
In	 terms	of	 pollination	management,	 31%	of	 farmers	 indicated	
that	they	own	honeybees,	29%	hire	one	or	more	pollinating	taxa	(in	
total,	 47%	either	owned	or	hired	 at	 least	one	managed	pollinator)	
and,	 despite	 few	 farmers	 partaking	 in	 agri‐environment	 schemes	
(AES),	 64%	use	 one	 or	more	 of	 three	 environmental	management	
measures:	 flower‐rich	 field	 margins	 (29%),	 avoid	 spraying	 at	 field	
margins	(low	input	margins)	(51%)	and	hedgerows	(40%).	In	Estonia,	
Portugal,	 Italy	 and	Serbia,	 >25%	of	 respondents	owned	 their	 own	
honeybees	compared	with	<10%	of	respondents	in	the	Netherlands,	
the	 UK	 or	 Greece	 (Appendix	 S4).	 Serbian	 farmers	 accounted	 for	



















enhance crop pollination services
Each	questionnaire	ended	with	a	number	of	optional	open	questions.	
As	expected,	these	have	lower	response	rates	than	other	questions;	
however,	 in	 all	 cases	 professional	 beekeepers	 provided	 a	 similar	
proportion	of	answers	to	amateurs.	Common	factors	that	beekeep‐
ers	 suggested	 would	 incentivise	 them	 to	 increase	 the	 number	 of	

























and	diversity	 (both:	n	 =	 11,	 4%	of	 respondents)	 as	measures	 they	
would	like	to	implement	in	the	future,	but	citing	lack	of	experience	
(68%	with	 honeybees,	 64%	with	 bumblebees)	 and	 expenses	 (60%	
with	flower	abundance	and	diversity)	as	the	main	barriers.
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4  | DISCUSSION
















others	 preferring	 to	 avoid	 these	 very	 same	 crops	 (Figure	 1).	 This	
results	 from	 beekeepers	 perceiving	 different	 trade‐offs	 between	
the	benefits	of	using	these	crops	as	forage	(mainly	honey	yield,	ac‐
cess	and	availability)	and	the	perceived	costs,	primarily	the	risks	of	




colonies	has	produced	mixed	 results,	 from	no	 impact	 to	moderate	
effects	 on	 short‐term	 colony	 functioning	 (Holder,	 Jones,	 Tyler,	 &	
Cresswell,	2018;	IPBES,	2016;	Tsvetkov	et	al.,	2017,	Woodcock	et	al.,	
2017),	and	therefore	fails	to	provide	clear	guidance	to	beekeepers.	




previous	 treatments	 in	 a	 rotation	 (Botias,	 David,	 Hill,	 &	 Goulson,	
2016).	Professional	and	more	experienced	beekeepers	were	also	less	
likely	 to	avoid	crops	because	of	pesticide	 risks.	Collectively,	 these	
findings	 indicate	 that,	 lacking	clear	advice	 from	empirical	 research	
beekeepers	judge	the	risks	of	pesticides	from	their	own	experiences	
and	other	sources	(e.g.	the	media).
Use	 of	 crops	was	most	 often	 driven	 by	 honey	 yield	 potential,	
accessibility	 or	 the	 time	 of	 the	 year	 the	 crop	 flowered.	 Literature	
on	nectar	and	honey	production	is	sparse,	although	generally	those	
crops	that	were	used	for	nectar	by	a	high	proportion	of	beekeepers	
tend	 to	 have	 a	 greater	 quantity	 and	 concentration	 of	 nectar	 than	
other	crops	(notably	buckwheat,	sunflower	and	oilseed	rape	–	Free,	
1993).	For	many	crops	listed,	the	total	concentration	of	nectar	has	




















Garratt	 et	 al.,	 2014),	 it	 is	 impossible	 to	 estimate	 how	widespread	










Despite	 the	widespread	 perception	 of	 pollination	 deficits,	 less	




crop	are	based	on	expert	 judgement	 rather	 than	primary	 research	
(Rollin	&	Garibaldi,	2019).	Although,	studies	generally	demonstrate	
linear	 relationships	 between	 crop	 yield	 and	 pollinator	 visitation	
(Klein,	 Steffan‐Dewenter,	 &	 Tscharntke,	 2003),	 this	 relationship	 is	
likely	 to	 reach	 a	 saturation	point	where	 all	 plant	 ovules	 are	 fertil‐







agement	 measures	 (hedgerows,	 flower‐rich	 field	 margins	 and	 low	
input	 margins).	 Both	 hedgerows	 and	 flower‐rich	 field	 margins	 are	









aging	 for	what	 they	perceive	as	more	pressing	 issues,	 such	as	 soil	
quality	(Zhang,	Potts,	Breeze,	&	Bailey,	).	However,	research	increas‐
ingly	 suggests	 that	yields	of	pollinated	crops	are	 limited	by	 inade‐
quate	pollination	(Garibaldi	et	al.,	2011)	and	pollination	is	at	least	as	
important	 as	 conventional	 inputs	 (Fijen	et	 al.,	 2018),	 further	high‐
lighting	the	need	to	better	examine	the	actual	importance	of	pollina‐
tion	services	across	Europe.
In	 five	 of	 the	 12	most	 commonly	 named	 crops,	 farmers'	 esti‐
mated	yield	loss	in	the	absence	of	pollinators	differed	by	more	than	
20%	 to	 literature	 estimates.	 However,	 the	 literature	 base	 is	 also	
small,	not	standardized	and	often	old	for	many	crops.	More	recent	
studies	 have	 demonstrated	 that	 the	 impact	 of	 pollination	 on	 crop	





caution	 should	 be	 exercised	 in	 interpreting	 these	 perceptions	 for	









farmer	 and	policy	 action	among	professional	 and	hobby	beekeep‐
ers.	 Presently,	 European	 farmers	 typically	 use	 insecticides	 to	 pre‐
empt	pest	damage	 rather	 than	directly	control	outbreaks	 (Ahmed,	
Englund,	Åhman,	Lieberg,	&	Johansson,	2011;	Zhang,	Potts,	et	al.,	).	
The	EU’s	recent	restriction	on	neonicotinoid	insecticides	(European	














Uptake	 of	 change	 is	 slow	 because	 farmers	 often	 do	 not	 per‐
ceive	 benefits	 from	 natural	 enemies	 (Zhang,	 Potts,	 et	 al.,	 ),	 and	















associations	 and	with	 no	 centralized	 price	 or	membership	 informa‐
tion	available.	American	style	 large‐scale	migratory	pollination	mar‐















2015;	 Lee	 et	 al.,	 2018).	 If	 suitable	 forage	 is	 not	 available,	 supple‐





Brocklehurst,	 Robertson,	 Harrison,	 &	 McCracken,	 2017),	 which	
are	 supported	by	agri‐environment	 schemes	 in	 some	of	 the	coun‐
tries	surveyed	(Batary,	Dicks,	Kleijn,	&	Sutherland,	2015).	However,	
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Italy,	Netherlands	and	Cyprus)	import	more	honey	than	they	pro‐
duce,	 primarily	 from	China	 (domestic	 honey	 data	 absent	 for	 the	















farmers	may	 receive	 pollination	 benefits	 from	 hives	 hired	 by	 other	
farmers	(Asare,	Hoshide,	Drummond,	Criner,	&	Chen,	2017).
Subsidies,	 another	measure	widely	 suggested	 by	 profession‐
als,	may	provide	a	solution	to	these	problems.	Currently,	each	EU	
country	 receives	 c.	 €4.3/hive	 in	 support	 for	 beekeeping	 related	
issues,	but	not	 support	 for	pollination	 services	and	of	 the	coun‐
tries	 surveyed,	 only	 Greece,	 Italy	 and	 Cyprus	 spend	 any	 of	 this	
subsidy	on	 supporting	 local	 honey	production	 (Majewski,	 2017).	
Expanding	 these	 funds	 to	 subsidise,	 for	 example	 providing	 ser‐
vices	 to	 low	 nectar	 crops,	 could	 expand	 commercial	 pollination	
without	 rising	 farming	 costs.	Regardless	of	how	 it	 achieved,	 any	
expansion	of	beekeeping	markets	should	be	mindful	of	potential	










makes	 interpreting	national	 scale	 trends	and	 the	appropriate	 re‐
sponses	very	difficult.
Interpretation	of	 these	 results	 is	 further	hindered	by	 a	 lack	of	
statistical	 information	 on	 apiculture	 (hobby	 and	 professional)	 in	
each	country,	with	only	ad	hoc	data	available	(Chauzat	et	al.,	2013;	
Majewski,	2017).	Collecting	these	data	 in	a	regular,	open	and	con‐
sistent	 manner	 should	 be	 a	 priority	 to	 underpin	 further	 research	
into	apiculture	across	Europe	and	properly	target	initiatives	and	re‐
sources.	 Secondly,	 the	 findings	highlight	 an	urgent	need	 to	better	
understand	how	the	perceptions	of	farmers	and	beekeepers	around	














under	 the	 Global	 Food	 Security	 Programme	 (T.D.B.:	 grant	 BB/
R00580X/1),	 Bayer	 Crop	 Science	 (V.B.,	 A.‐M.K.),	 UK	 Natural	
Environmental	 Research	 Council	 (L.D.:	 grants	 NE/K015419/1	
and	 NE/N014472/1),	 Netherlands	 Organisation	 for	 Scientific	
Research	(D.K.,	J.S.:	project	841.11.001),	The	Scottish	Government	













Except	 where	 otherwise	 noted,	 all	 data	 used	 in	 this	 study	 were	
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